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differentiation of the parotid and submaxil- 
lary gland has been observed with isoprotere- 
no1 treatment. The effect is most marked in 
parotid, where acini develop much earlier 
than in the litter-mate controls and striated 
ducts earlier become more abundant. The 
effects of isoproterenol on differentiation are 
separable from the influence of the drug on 
cell size. 
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The physiology and pharmacology of an- 
giotensin have recently been reviewed ( 1 ). 
Although there is considerable literature on 
its effect on cardiac output, blood pressure 
and peripheral resistances, there are few data 
on the effects of angiotensin on regional he- 
modynamics and, particularly, on splanchnic 
circulation. Abell and Page(2) noted a nar- 
rowing of the mesenteric vessels after angio- 
tensin. Barer ( 3 )  found mesenteric blood 
flow to be reduced in the cat after single in- 
jections of 0.2 to 0.4 7 .  Mandel and Sapir- 
stein(4) could not observe in rats, under in- 
fusion of angiotensin at  different rates, any 
significant variation in splenic and intestinal 
blood flow. 

The present communication concerns the 
effects of intravenous infusion of angiotensin 
on splanchnic hemodynamics in normal and 
cirrhotic subjects. 

Material, methods and procedure. The 
subjects were divided into 2 groups. Group 
I consisted of 8 subjects without liver and 
cardiovascular disease ; Group I1 consisted of 
7 patients with liver cirrhosis and portal hy- 
pertension. 

After catheterization of a main right he- 
patic vein, hepatic blood flow (EHBF) was 
measured by a constant infusion of Indo- 
cyanine Green, following the Fick principle 

( 5 ) .  At least 4 pairs of arterial and hepatic 
venous blood samples were obtained for es- 
timation of basal hepatic blood flow. 

Mean arterial pressure (MAP) was fre- 
quently recorded using a Rangoni-Battaglia 
electromanometer ; the tracings were elec- 
trically damped. 

The intrasplenic pressure (ISP) and the 
wedged and free hepatic vein pressures 
(WHVP and FHVP) were, alternatively, si- 
multaneously recorded by a couple of Ran- 
goni-Battaglia electromanometers with zero 
reference point 5 cm below the sternal angle. 
They were repeatedly recorded before and 
during the angiotensin infusion. 

Portal venous pressure (PVP) was calcu- 
lated from the formula: 

ISP + WHVP . PVP (mm Hg) = 
3 
L 

or was assumed to equal the WHVP. 

lated from the formula: 
Splanchnic resistances (SR) were calcu- 

SR (dynes/se~/cm-~) = 
(MAP - PVP) X 80 

( 6 ) .  EHBF (l/min) 
Cardiac output (CO) was measured by an 

indicator dilution technic, using 10 pc of 
RISA. It was measured before and during 
the angiotensin infusion. 

The rate of intravenous infusion of angio- 
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FIG. 1. Effects of angiotensin infusion on param- 

eters of the splanchnic circulation. 

tensin" was regulated on its pressor effect, in 
order to get a 50% rise in mean arterial pres- 
sure in all subjects. It ranged from 0.3 to 
0.5 y/kg/min. After a 20 minute interval 4 
paired samples of blood were obtained, a pair 
every 5 minutes, for hepatic blood flow esti- 
mation. 

Results. (Fig. 1). Mean arterial pressure: 
rate of angiotensin infusion was based on a 
50% rise in mean arterial pressure. The rise 
was highly signi'ficant in both groups (P< 

Cardiac output was significantly reduced 
0.001 ) . 

* Hypertensin, CIBA. 

(P<O.OOl) in both groups. In Group I the 
average reduction was 17.0%, in Group I1 
17.2%. On the whole it was reduced from 
5090 to 4198 ml/min. 

Estimated hepatic blood flow was in both 
groups significantly reduced (P<O.OOl). In 
Group I there was a reduction of 29.2%, 
from 1709 to 1181 ml/min, in Group I1 of 
17.8%, from 1244 to 10135 ml/min. 

Intrasplenic and hepatic venous pressures : 
in a few subjects a moderate rise in pressure 
was observed, but averages were not statis- 
tically significant (P>0.015). 

Splanchnic resistances were greatly raised 
in all the subjects of both groups; the over-all 
average was 118.3% (P<O.OO.l). 
Discussion. The calculation of splanchnic 

resistances depends upon the assumptions 
that estimated hepatic blood flow equals 
splanchnic blood flow and the measured in- 
direct portal pressure corresponds to the 
pressure on the venous side of the mesenteric 
vessels ( 6 ) .  In patients with portal hyper- 
tension and portal collateral circulation the 
calculated splanchnic resistances are over- 
estimated. Nevertheless the percentage 
changes induced by angiotensin are probably 
valid measures of the changes in splanchnic 
resistances. 

Most of the pharmacological effects of an- 
giotensin have been studied after single in- 
jections of the drug. They vary with the 
basal arterial pressure, the dose, and greatly 
differ from those obtained in constant infu- 
sion experiments (4) .  Because of greatly dif- 
ferent individual sensitivity to the drug, we 
based its rate of infusion on its pressor ef- 
fect; it ranged from 0.3 to 0.5 y/kg/min. 
Cardiac output was significantly reduced, as 
previously reported( 7,8,9,10,11). Estimated 
hepatic blood flow was also reduced signifi- 
cantly, and to a greater extent than the car- 
diac output. As a result of splanchnic ar- 
terioles vasoconstriction, splanchnic resis- 
tances were greatly raised. 

The over-all circulatory effect of angioten- 
sin appeared to be a slight reduction of car- 
diac output and a redistribution of blood flow 
through the organism. The reported increase 
in skeletal, muscle, cerebral and myocardial 



326 DRUG INFUSION ON SPLANCHNIC CIRCULATION 

blood flow(4,12) probably accounts for the 
reduction in the skin( 1 2 ) ,  rena1(3,4,11,13) 
and splanchnic blood flow. 

Summary. The effect on splanchnic circu- 
lation of a constant infusion of angiotensin 
was investigated on 8 normal subjects and 7 
cirrhotic patients with portal hypertension. 
The rate of angiotensin infusion was varied 
to obtain a rise in mean arterial pressure of 
50% and ranged from 0.3 to 0.5 y/kg/min. 
Both cardiac output and estimated hepatic 
blood flow were reduced, respectively, by 
17.5 and 23.9%. Portal venous pressure re- 
mained unchanged. Splanchnic resistances in- 
creased by 118.3%. These effects were pres- 
ent in the subjects of both groups. 
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The 5-hydroxy-tryptamine or serotonin is 
a very recently dissevered and isolated hor- 
mone( 1) and its physiological properties are 
not yet well known. Small amounts of 5-HT 
(2-8 YJkg) can produce, besides a raised 
pulse rate, a slight rise or a slight fall in 
blood pressure or even a biphasic reaction (2) : 
larger amounts (10-100 y / k g )  are usually 
hypertensive (3). Andrews and Butterworth 
(4),  on histological grounds, suggested that 
serotonin may constrict the hepatic vascular 
bed. Gibertini( 5) , by single injections of 
serotonin (100 y/kg) into a peripheral vein 
or directly into the portal vein of dogs, could 
observe, 30-40 seconds after the injection, a 
rise in portal pressure, lasting 3-4 minutes. 
Recently a raised blood level of serotonin 
was found in 28 patients with portal hyper- 
tension(6). It seemed that these two find- 
ings might be related. Hence the present 

studies of the effect of serotonin intravenous 
infusion on the splanchnic hemodynamics in 
normal and cirrhotic subjects were under- 
taken. 

Material and procedure. The subjects 
were divided into 2 groups. Group I con- 
sisted of 8 subjects without liver and cardio- 
vascular disease, Group I1 consisted of 8 
patients with liver cirrhosis and portal hy- 
per tension. 

After catheterization of a main right he- 
patic vein, hepatic blood flow (EHBF) was 
measured by a constant infusion of Indo- 
cyanine Green, following the Fick principle 
(5). At least 4 pairs of arterious and he- 
patic venous blood samples were obtained for 
estimation of basal hepatic blood flow. 

Mean arterial pressure (MAP) was very 
often recorded by a Rangoni-Battaglia elec- 
tromanometer ; the tracings were electrically 
damped. 




